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I. INTRODUCTION 

The CDSN has been in operation since 1986, and has been producing high 
quality digital data for r«earch sdsmologist. world wide since eariy 1987. 
The CDSN data are made available to the research community through the 
CDSN Data Management Center (DMC) in Beijing, the ^GS Albuquerque 
Seismological Laboratory (ASL), and the USGS National Earthquake InXor- 
mation Center (NEIC) L Golden, Colorado. These data are distributed by 
the CDSN DMC in the form of Network Day Tapes, by ASL as global net- 
work day tapes or volumes written in SEED (Standard for the Exchange of 
Earthquake Data) Formal, and by NEIC in the form of CD ROM optical 
disks containing event data. The SEED volumes produced by ASL take tne 
place of the Network Day Tape, produced previously by ASL. SEED volume, 
(presently taoes) are written in a standard format agreed upon by a significant 
portion of the international seismological community. Research seismologists 
are finding the inclusion of the CDSN data in the published data volumes to 
be a valuable asset in their studies. For example, the recent (Nov. 1988) large 
earthquake in Yunnan province can be studied in much greater detail because 
of the availability of CDSN digital data. 

However, this particular earthquake pointed to the need for even greater dy- 
namic range than is available in the present CDSN system. There *as evi- 
dence of dipping on at least some channels at each of the five stations from 
which ASL receives data on a regular basis. The lowest gain channels axe 
the broadband channels, and these did not show evidence of clipping except 
at Kunming. Installation of IRIS/GSN (also known as ffiIS-2) equipment at 
the stations would allow the recording of broadband (BB) data at five times 
lower sensitivity than in the CDSN, so that large earthquakes would be even 
more likely to be recorded without clipping. Also the BB data wouldrecorded 
continently instead of being triggered. The IRIS-2 data loggers may also be 
equipped with optional very short period (VSP) and low gain (LG) sensors to 
allow the recording of high frequency (up to 50 Hz) and high amputude (up 
to 2g) waveforms of local and regional interest. 

The desired capabilities for a Globa Seismographic Network (GSN) of digi- 
tal seismographie stations were defined as a result of the IRIS uutiative. to 
1984, the Incorporated Research Institutions for Seismology (LRIS) preparea 
a Science Plan for a New Global Seismographic Network (GSN). This plan 
was submitted to the US National Science Foundation (NSF) and resulted in 
a cooperative program between IBIS, NSF, and the TJSGS, to develop and 
install a modern digital broadband seismograph network of 50 to 100 stations 
distributed evenly around the globe. Based on the Science Plan's require- 
ments, "The Deign Goal, For A New Global Seismographic Network, dated 
March 13, 1985, and a "5-Yeai Siting Plan IRIS Contribution to the Global 
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Digital Seismographic Network," dated March 28, 1986, were prepared. These 
two documents state in detail the technical specifications and the proposed 
station locations for the GSN stations. 

The Siting Plan depends on the CDSN stations for seismographic coverage of 
China, as an integral part of the GSN. However, the CDSN stations do not 
presently meet all of the IRIS technical specifications in the Design Goali. 
In order for the CDSN to become a fully participating partner in the GSN 
program, it will be necessary to upgrade the CDSN stations and the DMC 
equipment to meet IRIS standards. These standards include: 

1. BANDWIDTH: Sufficient bandwidth to adequately record the entire spec- 

trum of seismic signals that propagate over distances that are large com- 
pared with the station separation, on the order of 20 degrees for a 100 
station network. Broadband data should be recorded continuously at 20 
samples per second, with higher frequency channels recorded on an event 
basis. 

2. RESOLUTION AND FULL-SCALE: Over the specified bandwidth, the 

system should be capable of resolving signals at the level of minimum 
ambient ground noise and of recording signals from the largest expected 
teleseismic event. Neither the full scale dipping nor the system noise 
should obscure any signal of interest. 

3. LINEARITY: The system output should be a linear time-invariant func- 

tion of the ground motion. Further, the linearity should be such that 
signals near the ground noise minimum can be resolved in the presence 
of ground noise at other frequencies near the expected ground noise max- 
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In addition to these design goals, the GSN systems also have the abuity to 
transmit any or all of the acquired data via a serial port to a host computer or 
central receiving station. There is also a dial-up port that may be connected 
to a telephone line or modem so that buffered data may be retrieved by 
calling the station processor from another computer. Up to six channels of 
LP or SP analog outputs are available for use in producing conventional analog 
seismograxns on drum recorders. 

The recording systems proposed for upgrading the CDSN over the next two 
to three years will meet all of the design goals for the GSN. In addition, the 
new DMC equipment proposed will be able to read tape cartridges from the 
upgraded stations and compile SEED network volumes from them and from 
existing CDSN tape cartridges. 

"^preparation for installation of IRIS -2 seismic data systems in China under 
' this Agreement, the USGS and the SSB agree to cooperate in the early instal- 
lation of Sun seismic data systems at four CDSN stations, and to telemeter 
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seismic data from these stations to the DMC in Beijing and to ASL. ASL will 
transmit event parameter data to the DMC in Beijing over the reverse link. 
The Sun seismic data systems at each station will operate for about one year 
or until an IRIS-2 data system is installed at that station. At that time, the 
Sun system may be attached to the IRIS-2 system as a work station, it may 
be moved as a complete system to another station, or it may be left m place 
and continue to be used as before. 

The USGS wiil let a contract for the installation work and the training. The 
USGS field engineer in China and the SSB will assist the USGS and its con- 
tractor in installation of the Sun seismic data systems and telemetry links. 
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II. PURPOSE 

The purpose of this Agreement-In-Principle is to list the steps necessary for 
upgrading the present China Digital Seismograph Network (CDSN) to be 
compatible with HUS/GSN standards, to install Sun systems at 
and to assign the responsibilities and cost, for each .tern to the PRC side or 
the USA side. This Agreement-In-Principle is understood b, ^both sides to 
be within the original term, and condition, of Annex I to the Earthquake 
Studies Protocol, signed in 1980 by the State Seumolog.cal Bureau (SSB), 
the U. S. Geological Survey (USGS), and the U. S. National Sc.enee Founda- 
tion (NSF). It will result in an upgraded and expanded seismograph network 
In China, consisting of 10 IEIS/GSN-type stations, four stations with Sun 
systems and work stations, an upgraded Data Management Center (DMC), 
and an upgraded Network Maintenance Center or Depot (NMC) It , will abo 
result in data being telemetered by satellite from some stations to the DMC 
and from the DMC to the USA, and in earthquake parameter data bemg 
telemetered from ASL to the DMC in Beijing. 

As with all cooperative activities under the USGS Protocol on Earthquake 
Studies, this activity is subject to the availability of funds. 
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in. USA SIDE RESPONSIBILITIES 

A. Install Sun Seismic Data Systems. 

1. At four CDSN stations, install a Sun seismic data system, including 
three short period seismometers, three broad band seismometers, 
digitizing system, digital recorder, work station, and Uninterruptible 
Power System (UPS). This equipment will be installed in addition 
to the current CDSN data system and seismometers. 

2. The four stations will be Baijatuan (BJI - near Beijing), Lanzhou , 
(LZH), Hailar (HIA), and Urumqi (WMQ). j 

B. Upgrade Stations To IRIS/GSN Standards. 

1. Upgrade five CDSN stations by replacing the present CDSN data 
logger and seismometer system with IRIS-2 data logger, VBB seis- 
mometer system, and possibly very short period (VSP) and/or low 
gain (LG) seismometer systems (optional). 

2. The five stations will be: 

Tr immin g (KMI), Mudanjiang (MDJ), Enshi (ENH), Qiongzhong 
(QIZ), and Sheshan (SSE). 

3. Upgrade the remaining four stations of the CDSN network, plus 
a new site at Lhasa, by replacing the present CDSN data logger 
and seismometer system with IRIS-2 data logger, VBB seismometer 
system, and possibly very short period (VSP) and/or low gain (LG) 
seismometer systems (optional). 

4. The four stations in addition to the station at Lhasa will be: 
BJI, LZH, HIA, and WMQ. 

5. This will result in a total of 10 CDSN stations that fully meet 
IRIS/GSN standards. 

C. Telemeter Data To Beijing And ASL. 

1. Telemeter Sun System Data To Beijing And ASL: 

Telemeter basically continuous VBB, LP, and SP data from the Sun 
systems at stations BJI, LZH, HIA, and WMQ, to the DMC in Bei- 
jing and to ASL. The USGS and its contractor will work through 
1 ? the SSB with the China Broadcast Satellite Corporation (CBSC) in 

establishing two-way satellite l^Vs from each station to the DMC. 
This responsibility includes the purchase and installation of VSAT 
electronics and antennas, satellite link lease costs, and installation of 
a land link or other surface link (such as a microwave link) from the 
CBSC Hub (Central Earth Station) to the DMC. It also includes the 
responsibility for any necessary land link for connecting the DMC to 
the out-going satellite link to the USA. 
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The land link or other surface link from the CBSC Hub to the DMC 
will be installed with a minimum capacity of 112,000 bits per second 
to allow for future expansion by SSB. 

2. Telemeter IRIS-2 System Data To Beijing And ASL: 

For stations BJI, LZH, HI A, KMI, WMQ, and Lhasa (after upgraded 
to IRIS-2), telemeter basically continuous very broad band (VBB) 
and LP data, very short period (VSP) events, and low gam (LG) 
events from the IRIS-2 systems to the DMC in Beijing, and from 
the DMC to the Albuquerque Seismological Laboratory (ASL). 

3, Telemeter event parameter data from the National Earthquake In- 
formation Center (NEIC) in Golden, Colorado, through ASL to the 
DMC in Beijing on the reverse satellite link. Telemeter parameters 
for all events detected in China greater than Richter magnitude 5 
and for ail other events in the world greater than magnitude 6, if 
available. Also telemeter to the DMC event waveforms, if available, 
upon special request from the DMC. 

D. Upgrade Data Management Center. 

1. Upgrade the computer equipment of th* DMC to Digital Equipment 
Corporation (DEC) Micxovax IE computcr(s), capable of writing 
SEED network volumes from IRIS-2 station tape cartridges and from 
current-type CDSN station tape cartridges. 

2. Install in the DMC one or two Sun computers to be used as telecom- 
munications computers to receive data from Sun systems and/or 
IRIS-2 systems at the stations and transmit data to ASL, to re- 
ceive event parameter data from ASL, and to function as a work 
station. Connect the Sun computer(s) to the DEC computer(s) via 
DECNET. 

3. Provide and install one IBM PC compatible computer in the DMC 
and connect it to the DEC computer(s) via DECNET. 

4. Insure that the DMC will be capable of producing copies of station 
taues, SEED network volumes, and possibly other data sets, on a va- 
riety of media that arc convenient for data users. These media will 
include IBM PC floppy disks, station-type cartridges (150 Mbytes), 
Erebytc cartridges (1.5 Gbytes), and possibly 9-track tapes. If Eze- 
byie cartridge drives are not exportable to China, a substitute high- 
capacity medium and drive will be provided. 

E. Training. 

1. Sun System Training For NMC And DMC People: 

Sun system training in the USA will be provided for two NMC and 
two DMC technical English- speaking people who can prove equal to 
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this task, for two to three weeks. 
I. IRIS-2 System Training For NMC And DMC People: 
" IRIS-2 system training for NMC and DMC people will be provided 
in a single training period in the USA for a total of 25 man-week, 
(for example, 5 PRC people for 5 weeks). SSB agrees to send good 
technical people who can speak and understand English reasonably 
weU. This training will take place just before the first station up- 
grade, begin. Additional training will be provided in Beijing after 
the upgrades begin. 
3. Station Operator Training: 

Sun syfitem training for station operators will be provided in China 
at the time of Sun system installation, cither in Beijing or at the 
station site, at SSB's preference. 

IRIS-2 system training for station operators will be provided in 
China at the time of IRIS-2 system installation, either m Beijing 
or at the station site, at SSB's preference. 
P. Upgrade The Network Maintenance Center, Provide Sparc Parts. 

1. NMC Equipment And Parts For The Sun Systems: 

Stock the NMC with spare parts and equipment for station sys- 
tems and DMC telecommunications computer at a level sumaent 
to keep the Sun systems operating at a high percentage of up-time, 
and maintain that lcvd of stock for the duration of the Sun system 
experiment. 

2. NMC Equipment And Parts For The IRIS-2 Systems: 

Provide one complete IRIS-2 station data acquisition system _ and 
install in the NMC, to be used for depot maintenance and check-out 
of station spare parts. 

3. Stock the NMC with spare parts for IHIS-2 station systems at a level 
sufficient to keen the entire network operating at a high percentage 
of up-time, and maintain that level of stock for the duration of the 
cooperative agreement between SSB and TISGS for operating the 
CDSN IRIS-2 network. 

4. Upgrade and augment NMC test equipment as necessary for proper 
support and maintenance of the IRIS-2 data acquisition systems. 

5. Provide one IBM PC compatible computer for the NMC, to be used 
as a diagnostic tool for the IRIS-2 station systems and for use in 
inventorying NMC spare parts. 

G. Equipment For One Additional CDSN Station. 
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1. Ship one current-type CDSN system, including data acquisition sys- 
tem and UPS, to China for installation at Lhasa. 

2. Provide technical assistance, as necessary, during installation of this 
equipment at Lhasa. 

H. Network Support. 

1. Sun Network Support: 

Provide support for the Sun station systems and the Sun telecommu- 
ideations computer. Provide field assistance in China as necessary 
to support the installation, operation, and maintenance of the Sun 
network. Provide operating supplies that arc not available in China. 

2. IRIS-2 Network And CDSN Support: 

Continue to provide support for the current-type CDSN stations and 
IEIS-2 upgraded CDSN stations at BJI, WMQ, LZH, EU, KMI, 
MDJ, ENH, QIZ, and SSE. Provide support for the current-type 
CDSN equipment at Lhasa, when installed. Provide support for 
ntIS-2 equipment at Lhasa, when installed. Continue to provide 
support for the NMC and the DMC in Beijing. Provide field assis- 
tance in China as necessary to support the continuing operation and 
maintenance of the CDSN. Provide operating supplies that are not 
available in China. 

3. DMC Maintenance: 

Provide maintenance of DMC equipment as much as possible by 
maintenance contracts. 
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PRC SIDE RESPONSIBILITIES 

A. Site Preparations For Sun Systems. 

1. Perform any minor site upgrades and improvements at the four 
CDSN stations (BJI, LZH, HIA, and WMQ) as may be necessary 
for installation of the Sun systems. Also perform any necessary im- 
provements of DMC and NMC faculties, such as additional space and 
better environmental controls, for installation of the Sun telecommu- 
nications computer. 

2. Perform satellite signal strength tests and RF noise tests at stations 
BJI, LZH, HI A, and WMQ. 

3. Cooperate with US technical personnel in checkout, installation, and 
acceptance testing of new equipment, 

4. Provide ail transportation of equipment in China. 

5. Continue to orovide daily management of the P-station network, in- 
cluding the Sun systems at BJI, LZH, HIA, and WMQ. Continue to 
provide daily management of the DMC and the NMC, including the 
Sun system at the DMC. 

6. Insure that seismic data are telemetered from the Sun systems at the 
four stations BJI, LZH, HIA,and WMQ to the DMC in Beijing, and 
from the DMC to ASL. Provide copies of Sun system station tapes for 
time periods during which telemetered data from these four stations 
arc missing due to technical problems with the telemetry links. 

7. Take whatever steps are necessary to insure that power is available 
to the DMC equipment 24 hours each day. 

B. Site Preparations For CDSN System At Lhasa: 

Prepare one new CDSN site at Lhasa for installation of current-type 
CDSN station equipment. This includes capital construction, seismome- 
ter vault or tunnel construction, and line power supply improvements, 
but not UPS. 

C. Site Preparations For ERIS-2 Systems. 

1. Perform necessary site upgrades and improvements at the nine ex- 
isting CDSN stations to prepare for installation of IRIS-2 systems, 
such as improved line power, seismic noise surveys, and construction 
of improved seismometer vaults or tunnels. Also perform necessary 
improvements of DMC and NMC faculties, such as additional space 
and better environmental controls. 

2. At stations KMI and Lhasa, perform satellite signal strra 6 fc k tests 
and RF noise tests in preparation for satellite telemetry of IRIS-2 
data from those sites. 
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D. Cooperate with US technical personnel in checkout, installation, and 
acceptance testing oi new equipment. 

E. Provide all transportation of equipment in China. 

F. Provide daily management of the lG-itation network, the DMC, and the 
NMC. 

G. Insure that data are telemetered from the IBIS-2 systems at the six 
stations BJI, LZH, HI A, KMI, WMQ, and Lhasa (after upgrade), to^the 
DMC in Beijing, and from the DMC to ASL. Prtmdc cupics uf HUB -2 
.teW^M^rtx^ ^ 

from these six sKirans arc missing due to technical piublemM»thane 
telemetry UnXs" 

H. Install the spare IRIS- 2 station UPS in the NMC. 

L Take whatever steps arc necessary to insure that power is available to 
the DMC equipment 24 hours each day. 

J. K.SSB wishes to telemeter data from the IPJS-2 systems at stations MDJ, 
ENH, QIZ, and SSE, such telemetry will he at .the cost of the SSB. Any- 
excess capacity available in the installed suimceHnk from the CBSaHub 
to the DMC may be used by SSB at no additional cost. 
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V. PROPOSED SCHEDULE 



A. In 1990: 

Install Sun systems alongside the current CDSN systems at BJI, LZH, 
•* HIA, and WMQ. Also install Sun telecommunications computer at the 
DMC, telemetry links from these four stations to the DMC, and a tclcme- 
try link from the DMC to ASL. 

B. In 1990 and 1991: 

Upgrade stations KMI, MDJ, ENH, QIZ, W SSE with IIUS-2 systems. 

C. Beginning in 1990: 

Upgrade the KMC to handle Sun systems and IKIS-2 systems. Upgrade 
the DMC to handle data from Sun systems and IRIS-2 systems, and to 
produce SEED network volumes. 

D. In 1991 and 1992: 

Upgrade stations BJI, LZH, HIA, WMQ, and Lhasa with HUS-2 systems. 
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